to see Almroth Wright about haemophilia . . . Quite early in our acquain tance I came to think that Coli, as he always called himself, had a quiet charm and distinction that was all his own. In his biographical writings about the Lion (Wright) it is clear that he was on the close terms with him that were more usual with a father and son. Nevertheless his study of Wright's complex character was not superficial. On one occasion I was called upon to make a few appreciative remarks on Wright's life and work. Coli however followed me to argue that my appreciative remarks were inexact. They were too appreciative. I should class Coli as a pro foundly honest person. ' In 1914 he was appointed Battalion Medical Officer to the Kensington Regiment and Captain in the R.A.M.C., a rank he held until 1918. He was first stationed at St Mary's Hospital, where he worked with Capt. S. R. Douglas on meningococcal infections and on dysentery, and later, in 1916, on wound infections; in 1917 he was transferred to Sir Almroth Wright's laboratory at No. 13 General Hospital, Boulogne, where he con tinued working on wound infections until 1919. His experiences there interested him in bacterial symbiosis and the carrier state, and impressed him with the value of early skin grafting.
In 1919 he was appointed Assistant in the Bacteriology Department at the National Institute of Medical Research at Hampstead; there he worked for two years on dental caries, but was seconded early in 1922 to work with Sir Almroth Wright at St Mary's Hospital, where over the next seven years he carried out work on the bactericidal power of blood, and some early investigations on puerperal fever.
Sir Zachary Cope tells me that after the war Colebrook continued to act as Wright's assistant in the laboratory, and Wright thought so highly of his junior colleague that he asked him to collaborate in the preparation of the second edition of The technique of the teat and capillary glass tube.
Professor H. B. Maitland who worked in Wright's laboratory during part of 1922 and 1923, writes: 'Coli was working there then. He was devoted to Wright and all his interests-as of course is evident from the biography. This I would say was a main feature of Coli's personality. There was nothing sycophantic about it, but it went deep . . . 'To me Coli seemed a cheerful, friendly and kindly person. He and his wife were generous to me, and had me for weekends at their cottage where they had a sizeable garden which took a great deal of looking after. I think gardening was his main hobby and relaxation or outside interest . . . 'His approach [to laboratory work] was fastidious, meticulous and thoughtful, as was his attitude generally. He did not impress me-on the other hand-as being inspired or original. ' Professor R. Hare* writes 'Towards the end of the year [1927] Leonard Colebrook, who was invariably known as Coli, asked me [whether] I would like to help him when . . . [my] research scholarship came to an end in December. It transpired that he needed an assistant for his work on puerperal sepsis, who was to be paid £300 a year by the Medical Research Council. But I was not to assume that this would lead at any time in the near or distant future, to the permanent appointment with that body which was at that time the standard ambition of anyone aspiring to do medical research. In fact, I was clearly to understand that the salary was dependent on a grant which would be reviewed every year and that it could be terminated whenever Colebrook, the Medical Research Council, the Inoculation Department, or in fact anyone, got tired of me. There was, of course, no pension; no one thought of pensions in 1926. But I was expected to work 24 hours a day, and, to facilitate this, was to live as close to St Mary's as possible . . . I agreed to all except the last. With a mother to support and a sister to educate, I could not live in London. It was much too expensive. Colebrook had, accordingly, to waive this condition. But it was a blot on my escutcheon. It was not in the true tradition of self-denial required by the Inoculation Department.
'Thus began in this rather casual fashion, not only a lifelong friendship, but ten years association with him, which gave me opportunities of witnessing the start of the revolution in medicine that the discovery of penicillin and the sulphonamides brought about.
'When Colebrook returned to St Mary's after the war and became not only a member of the staff of the Medical Research Council but its-and in fact the country's-only expert on bacterial chemotherapy, he started to study these compounds [the arsenicals] in more detail. As patients with infected wounds were few in London Hospitals, he took up puerperal fever; in this condition the infecting organisms were the same streptococci that had infected war wounds in France.
'Colebrook accordingly began to study this disease and the possible use of arsenicals for its treatment. He therefore spent much of his time, muffled up in a large raincoat, driving an open Morris Oxford car to the fever hospitals in Clapham and Hampstead to which many of the patients had been sent. ' The arsenical compound used, though very effective , was very toxic, and later work was done with metarsenobillon, which was less toxic but as effective in vitro. 'Colebrook did a great deal of work with this pound. I never counted the number of patients who received it, but it must have been at least a hundred. Moreover every case was studied with great care and a post-mortem was done if the patient died. Variations were tried in the dosage, and every trick that might have given it a better chance was tried. But I am quite certain that we never cured a patient by giving it. So far as I could see it was a total failure. 'I realized this quite early in the proceedings, Colebrook did not and went on using it. But it meant that I had to lie like a trooper when asked by puzzled clinicians why we persisted in using a drug that was obviously doing no good. ' Notwithstanding these failures, which were meticulously reported, Colebrook had learnt a vast amount about puerperal fever, and in 1929 he became the Director of the Research Laboratory at Queen Charlotte's Hospital, a post that he held until 1939. This meant his final break with Almroth Wright, which Sir Zachary Cope regards as a crisis in Colebrook's life. 'Wright's chief work was vaccine therapy, and he had little faith in what Ehrlich called chemotherapy . . . Vaccine therapy had little curative effect on puerperal fever and there was a need to investigate the value of chemotherapy. The friendship between Wright and his younger colleague had been very close, and the parting was deeply felt by both. ' In 1928, according to Professor Hare, 'Queen Charlotte's Maternity Hospital had decided to move . . . the governing body had bought a site in Goldhawk Road . . . it had also decided that it would do something active towards the conquest of puerperal fever by building a small hospital for the treatment of cases of the disease, and a laboratory next door where they could properly be investigated.' Colebrook, who was away in Germany, was unanimously chosen to run the research laboratory, and though none too pleased that the arrangements had been made without his knowledge, accepted, and took Hare and R. M. Fry, 'who had been Wright's assistant for some time and needed a change if he was to retain his sanity', with him. The laboratories were opened on 1 January 1931, and 'since Colebrook did nothing by halves and this was his first independent command, every detail of the building had been planned with meticulous care. The door handles, for example, were constructed in such a way that one could open the door without using the hands; the elbows, chin or even the eyebrows, would suffice.' Money was short, and an appeal was made to the Rockefeller Foundation, whose representative, Dr Gregg, came to see Colebrook. Professor Hare says, 'I was not present at the ceremony, but I was never doubtful about its outcome. If there was one person likely to impress a possible benefactor, it was Colebrook. His missionary zeal, his patent honesty and his mastery of the subject, conveyed what was undoubtedly true, the impression of a dedicated worker out to benefit humanity. No one else I knew could have created the same image.' After some doubts and delays the Foundation gave them £5000 a year for seven years. There followed the introduction of Dettol, of the relatively aseptic treatment of parturient women and later the conquest of puerperal fever with the sulphonamides and penicillin, which may be read at length in Hare's book.
Sir Zachary Cope says, 'The first group of drugs tried were the arsenicals, then, after Domaagk had discovered prontosil, that substance was found to have a remarkable curative effect on puerperal streptococcal infections, and in a third research the beneficial effect of the sulphonamides was demon strated. The dangerous puerperal infections had thus been brought under control and the name of Colebrook soon became famous and many honours 94 Biographical Memoirs were bestowed upon him including Fellowship of the Royal Society. The advent of purified and stable penicillin proved the culminating point in the battle against the streptococcal puerperal infections.' Professor R. M. Fry gives another view of the work at Queen Charlotte's. 'The isolation unit for puerperal sepsis set up at Queen Charlotte's Hospital, Hammersmith, and the laboratories associated with it were Colebrook's first real command away from the shadow of Sir Almroth Wright. For me, a young man with little laboratory experience, to enter his employment at the beginning of that project was a formidable experience. The rather stern face, beetling brows, rapid gait and general air of bustle, advertised his determination to make the unit a success.
'The work of the unit was concerned with routine bacteriological investi gations, research into streptococcal infections, the clinical supervision of some 30 beds in the isolation unit and general investigations into prevention of infection in the labour wards of the maternity hospital. In the absence of sulphonilamides or antibiotics the problems were considerable, the death rate among patients in the isolation block ran as high as 30 per cen t.. . .
'I became Colebrook's personal assistant in the laboratory and it soon became clear that he was a leader easy to follow. He had tremendous enthusiasm with the ability to carry people along with him even perhaps against their will, he loved a fight, and battles with surgeons especially were meat and drink to him ! He also had the rare characteristic of really caring about the patient and this concern was shown not only by his pro fessional attention but by his concern for their peace of mind, he attended to their family worries, care of other children etc., and to the husbands' domestic dilemmas. The hospital stay was often excessive, and the patients were all women in their prime of life with numerous family responsibilities. Bereaved husbands, of which we saw rather many, were also a special care for " Coli" .
'In those early years there was little we could do for the patients except good nursing and boost their morale. Colebrook, who lived in Chiswick Mall, nearby, often returned in the evenings just to sit and chat to patients and generally encourage them. Also, after week-end visits to his country cottage, "Silverwood" at Farnham, he would bring back flowers for any patient who appeared to be neglected.
'As compensation to my wife for taking me away to work in the evenings, flowers were often to be found on our doorstep on Monday mornings. No note, no name, they were just there and we all knew what they were for.
'The advent of "Prontosil" which led on to the sulphonamides was very exciting. Colebrook conducted both the laboratory and the clinical studies and we really worked on the problem. It offered the first positive treatment there was and eventually after the appearance of the old "M and B 693" tablets, the death rate in the isolation block dropped from 30 per cent to 4 per cent, and we felt sulphonamide had contributed largely to this. Over the period 1931-1939 we conducted a wide range of bacteriological research and supervision in which Colebrook was continuously engaged. During those days the finances of the unit were largely subscribed by charitable functions and Colebrook, as director, helped organize and supervise these affairs. We had regular open days at the laboratory when we put on demonstrations for a succession of society aspirants and influential business men. It was all a terrible waste of professional time and talent and often rather pathetic but Colebrook tackled it with good humour and accepted our "charity circuses" as a necessary evil if we were to survive financially.
'During the early sulphonamide era Colebrook was given an award of .£250, by some smallish organization, for the best piece of practical research over a certain period. None of the staff knew of this until Colebrook's winter holiday when we each received a cheque from him in Switzerland. He distributed all the money in varying amounts to the staff because he thought it was a team effort and we had all played a part. I can think of no com parable happening in a rather long laboratory career. ' In 1939, at the outbreak of war, he was appointed Colonel in the R. Sir Zachary Cope writes: 'Colebrook's next research was into bacteriology of infected burns and methods of prevention of such infections. At first he pursued this investigation at the Royal Infirmary, Glasgow, but from 1943 to 1948 he worked at the Burns Unit at the Birmingham Accident Hospital. Colebrook entered into this research with enthusiasm, showed that the infection of severe burns could often be prevented by strictly aseptic methods of dressing, and demonstrated that serious infection might often be con trolled by the judicious application of penicillin or other suitable antibiotic, or one of the sulphonamides. I took the opportunity of making a visit to the Birmingham Burns Unit to see Colebrook at work there. I was much struck by the aseptic room in which the patients had their burnt areas dressed. Throughout the time of dressing a constant stream of filtered fresh air was directed into the room by an electric fan, while open culture-plates were exposed at different parts of the room so that, if any pathological germ grew on any of the plates it would be possible to trace it to its source by bacteriological examination of every person who was known to be in the room at the time of dressing the wound.
'Colebrook was also a strong advocate of the formation of special "Burns Units" which should be equipped in suitable centres and to which all 9 6
Biographical M emoirs Leonard Colebrook 97 seriously burnt patients should immediately be taken and suitably treated. Colebrook and his wife were both strong supporters of the propaganda that was ultimately successful in making it compulsory to affix protective guards to every electric fire so that dresses of inflammable material would be less likely to catch alight.' Professor R. M. Fry says: 'The war split the laboratory up, and Colebrook obtained an army appointment as a Colonel on the Staff. He was very amused at his high rank and all the consequent military rigmarole.
'After a short spell in France he became involved in the wound graft unit at Basingstoke where we were able to keep in touch over streptococcal matters.
'His interest in skin graft problems led to his post-war organization of a burns unit in Glasgow and finally to the establishment of the burns unit at the Accident Hospital in Birmingham.
'Here again his drive and willingness to fight resulted in the setting up of a unit of international reputation. Much of the opposition to "Coli's" ideas came from the surgeons, but he was never one to be overawed by reputations or the risk of becoming unpopular. Again the patients, mainly children, were the primary consideration, with him they were not material for his next paper, but people in trouble who must be helped. His outside activities demonstrated this. Innumerable parties were arranged for ex patients to show that he was still interested and for them to see, in a congenial atmosphere, how others even less fortunate were adapting.
'He felt deeply about the number of unnecessary accidents involving burns among very young children, the blind and also the very old.
'He promoted and piloted legislation through Parliament for com pulsory guards on all portable fires. It was amazing the unpopularity he had to face over what seemed to be such a commonsense and humane measure. This worried him not at all and this was exemplified by his ceaseless additional campaign in the press and on radio, ably supported by his second wife Vera, for the compulsory introduction of non-inflammatory material for night attire for the very young or old. The opposition was even greater here, since the financial aspect was more acute. However, his ceaseless propaganda eventually called enough attention to the problem for improvements to be made and research initiated.
'All my career I received help in my personal and professional life from him and he was always a friend.
'His microbiology was not perhaps of the Nobel Prize class, but he was a good working bacteriologist who really cared about the job and the patient. These qualities combined with boundless energy were responsible for his considerable accomplishments. With absolute sincerity he could be described simply as a Good M an.' Professor R. E. O. Williams writes: 'During his years in Glasgow, Colebrook developed a number of ideas on the sources and control of streptococcal infection in burns. He came to the Birmingham Accident Hospital, where 9 8 A. A. Miles and I had been investigating infections in small industrial wounds, determined to establish a Burns U nit in which the principles he had established could be translated into practice. This idea appealed greatly to M r William Gissane, the Clinical Director, for it conformed to the philosophy of the Hospital and a whole ward floor was provided for the U nit as well as laboratory space. Colebrook was particularly impressed by the importance of airborne transfer of infection, and he enlisted the collabor ation of R. B. Bourdillon in the design of the burns treatm ent room ; from this collaboration stemmed many of the current ideas on the ventilation of surgical operating rooms.
'During his years in Birmingham, Colebrook worked at his bench as a bacteriologist and he still possessed all the skills that he had developed in his early days with Almroth W right at St M ary's Hospital. Indeed The technique of the teat and capillary glass tube, which he published with W right in 1921, came alive again in the Birmingham Accident Hospital laboratories in the 1940s.
'At all times in his professional life, Colebrook had some cause or another for which he was pleading; in the 1930s it was asepsis and antisepsis in midwifery; in the 1940s and 1950s it was for the establishment of Burns Units; and for "air hygiene" in hospital treatm ent rooms and operating rooms; later it was flame-proofing of children's clothing (a cause in which he was admirably supported by his second wife); and later still it was euthanasia. In all except the last of these he achieved much. And the achievement was attributable largely to the determination he put into everything he did. Colebrook was one of the most charmingly determined men I have ever met. He almost always got his way, by frontal persuasion, sheer persistence, or wile. And, when one had to concede victory to him in some argument or negotiation, the chuckle with which he greeted the victory endeared him to his opponents. 'Although Colebrook gave up his appointment at St M ary's to go to Queen Charlotte's in 1929, he never wavered in his loyalty to and his admiration of his old chief, Sir Almroth W right; the two had adjacent houses at Farnham Common and saw much of each other outside the laboratory. Colebrook resisted criticism of W right in any form and even jokes about the Old M an's foibles had to be made with great circumspection. 
P e r s o n a l c h a r a c t e r
Sir Zachary Cope says, 'I knew Colebrook for over sixty years, and I always liked him because he was such a friendly, honest, cheerful, hard working, kindly fellow. He was never regarded as "brilliant" , but he learned good technique and much else from Almroth W right without absorbing any of W right's combativeness or his prejudices . . . 'Colebrook had a strong religious element in his character, and though close association with Wright caused him to change some of his early beliefs he preserved the basic character with high ideals that stimulated all his best work.* This view is echoed by another correspondent, who was a student of his: 'He appeared to us to be the great incorruptible of the place, who was not involved in anything except the pursuit of what was in fact social idealism. To us he was a "non-conformist social conscience" or the embodi ment of a man who went into medicine because he and his family and his church believed that this was a good and worthwhile pursuit, and he took this up and had the intention of becoming a medical missionary. The interesting thing is that he fell under the influence of a son of the manse (Wright), admittedly of the Church of England, who was himself, if not a militant atheist, a militant agnostic . . . this did not affect his personal views on religion, as far as I know . . . I found him an attractive teacher; you had less of L.C. than you liked. ' Another correspondent says, 'I don't think he would have cared whether 100 DNA was a double helix or a treble helix, but he was very very concerned about the patients, and his enthusiasm was infectious. No m atter how much you felt at times that something wasn't worth doing, he would whip you up into the same sort of enthusiasm. He had everybody working. 'The second thing was his humanity. Patients were people in trouble and he did everything he could to help them. He never had any undue sentiment . . . but he obviously had a great feeling for them and devoted an enormous amount of his time to them.
'So my impression of Leonard Colebrook . . . is that he was a good bosshe was very demanding and stood no nonsense . . . but he was a very good friend to many of us and an absolutely honest scientist . . . He didn't chase anything for personal glory; he was interested in patients for their own sake . . . He was happy to push, to do what he could for his assistants; practically everyone that came through the lab did pretty well, and he was always on hand to guide them. O f course he had his faults-he was extremely stubborn and sometimes unreasonable, but I guess we are all like that.
'He had no children of his own, which [seemed to me] a great pity; he would have been a great family man, because he was so energetic, he could have taken part in a child's life, play games and swim and so on. He also ski-ed a lot and was very fond of gardening; a love of flowers had been with him at least since the time he was a medical student.'
Another: 'If a child died, this was terrible. I remember once he came home at an odd time-he said, " Let's go out and walk in the hills"-and we walked and walked and he was quite silent, he never spoke at a l l . . . And it turned out that a child had died (of burns). He felt it terribly. He never lost that tremendous compassion; and I think it rubbed off on some of his young men. Yet he was absolutely ruthless if anybody slipped up . . . through casualness or carelessness . . .'
Another: 'He used to work very early in the morning, [and] all day; he was a bustling sort of man, worked very hard and expected everyone else to do so too. I don't know whether he suffered fools gladly . . . one thing he didn't expect you to be a . . . marvel, he had that in common with Wright, they were prepared to accept people on the limits of their capabili ties-but you were expected to keep to the upper limit.
'He was a severe man, although his face could light up. Sir Zachary Cope: 'Colebrook was exceedingly conscientious and selfcritical. Any statement he made or published could be relied on as accurate, so far as it was possible to be.
'After his retirement from his official post in 1948 Colebrook took part in some of the philanthropic objects in which his wife was interested, and from time to time I used to receive notes from him about such projects.
'He was a modest man and his greatest satisfaction was that he had been able to do something that may have left the world a little better for what he had done.'
Another: 'I was much impressed by his outstanding honesty and sincerity. Considerations of rank (he was then a full Colonel), status, or position were completely disregarded. His sole concern was finding the best solution for the scientific problems laid before him . . . Here at Birmingham I was struck, not merely with his high standards of work and devotion to duty, but with his great generosity to a junior colleague such as myself. Although he played the greater part in our joint research, he always insisted on giving me more credit for it than was due. I had never before met so generous and kindly a colleague. After his retirement, I admired the persistence and tenacity which he and his wife showed in the tiresome problem of securing flame-resistant clothing . . . I wish that more scientists were as generous, honest and cheery as Coli . . .'
Another: 'L.C. was a very lovable man. He was warm and friendly, he was modest, he had a most delightful, whimsical sense of humour. He was an idealist with imagination and a working scientist patient enough and able to lay the observational foundation of his projects. I never thought of L.C. as especially persuasive. He did not have to be. He provided the factual bones which should, and often did, convince people without special per suasion . . . L.C. was a wise physician, a warm and devoted friend . . . ' Lastly, I append this tribute from Sir Graham Wilson: 'Leonard Colebrook was the youngest but one in a family of 13 children. After him came Dora, for whom he had a lasting affection. Like him, she also became a bacterio logist, and like him she hated all cant, hypocrisy, and disingenuousness. His strict nonconformist upbringing accounted for his comparatively frugal habits, his practical teetotalism, and his lasting aversion to spirits. To the same cause may be ascribed his intention to become a medical missionary; and, though he gave this up soon after qualification, he remained a missionary all his life, devoting himself wholeheartedly to his work and to the cause of suffering humanity. He had a deep feeling for the pains, struggles, and vicissitudes of his fellow men, and an imaginative insight-almost an extra sensory perceptiveness-into their needs. Generous to a fault, his sympathetic nature responded to every charitable appeal. He was always ready to help his colleagues, and he even went so far as to buy houses for two of his laboratory assistants who could find no home. His goodness was cloaked by a jocular, humorously sarcastic, though never cynical, exterior, but his inner self remained enclosed and unapproachable even to those nearest and dearest to him.
'One of his most striking features was his modesty. In spite of his scientific achievements, his artistic gifts, and the distinction he had earned, he con tinued to wear the "napless vesture of humility" that had characterized him all his life, and insisted that what he had done was to add no more than a few bricks to a structure whose foundation had been laid by others. His modesty, however, was no cloak for weakness; and when the patient's interests were concerned, he could be absolutely firm and unyielding. Nor did it prevent him from checking minutely the work of his assistants, some of whom were highly qualified doctors. Had it not been for his transparent honesty and devotion to the welfare of his patients, and to his endearing nature, most of his staff would have deserted him. As it was, they remained loyal to him, as he did to them.
'Colebrook had a wide range of friends of all ages, with whom he kept in touch by frequent letters and postcards. This is not the place to discuss his relations with his greatest friend, Sir Almroth Wright. Ever since he heard him lecture at St M ary's, Colebrook was captivated by Wright, for whom he had an intense reverence that gradually ripened into friendship. In later life they were living close together, their dwellings separated only by a stone's throw from each other, and Colebrook would spend a large part of his time in company with his old master. There is no doubt that Colebrook was W right's favourite pupil. It was a curious friendship, because the natures of the two men were so entirely different, but at bottom they were alike in their love of scientific honesty and endeavour. The ties that bound them together were strained, though not broken, when Colebrook, on the intro duction of the sulphonamides, espoused the cause of chemotherapy, leaving Wright to adhere, as he did to the end, to that of immunotherapy. It was a bitter blow to Wright, who must have had qualms, as the success of the new drugs and of penicillin became more and more apparent, about the intrinsic merit and correctness of his own life's work and doctrine.
'Among Colebrook's other personal characteristics may be mentioned his love of outdoor activity. He was fond of motoring, walking, swimming in salt water, and of ski-ing, which he enjoyed each winter with his friend Fred Griffith of pneumococcal transformation fame. On his summer holidays he painted with his first wife, Dorothy. His non-medical reading was confined mainly to biography and travel. Light literature he abhorred. Writing he found difficult, and his book on Burns, through no fault of his own except 102
Biographical M emoirs the injudicious choice of a publisher, was a failure. Being scrupulous himself in his work and all his dealings, he could be critical of others, but he seldom voiced his criticism and, when he did, it was always reserved and did not go to the point of condemnation. He was too sympathetic with human frailty for that. He never complained and only under the greatest provoca tion was he ever angry. He was an excellent companion, alive, entertaining, and puckishly amusing. His historical sense was not well developed; he lived in the present and the future. Music meant nothing to him; he was tone deaf. On the other hand he was fond of natural history, interested in birds and flowers, and a capable amateur landscape gardener, as revealed by the beautiful surroundings he created for the cottage he built in a wood at Farnham. His untidiness at home was sufficient to tax the patience of his wife, but nevertheless he could always lay his hand on anything when it was wanted. 'Before he retired he looked forward to spending the closing years of his life serving in a leper colony in the south seas; but this, like his earlier intention, was given up when the sulphone treatment of leprosy was intro duced and other circumstances intervened. As he grew older and his sight and hearing and heart began to fail, he suffered from periods of depression -as he had done all his life-but remained outwardly cheerful when his friends came to visit him. He was faithfully looked after by his second wife, Vera, whom he had married in 1946, some years after the death of his first wife. In her he found an understanding helper and companion, and to her he owed much of the serenity of mind he attained towards the end.'
S c ie n t if ic w o r k
Much of Colebrook's work is cross-connected, and some of it does not allow easy classification; I have, however, thought it wiser to classify it under headings, and to note where cross-reference is essential. Much of the most important parts of it is summarized in special lectures (e.g. 52, 84, 86, 137, 149, 152) .* Tuberculosis and vaccine therapy His first paper (1) is concerned with the use of the opsonic index in the control of vaccine therapy. He finds that in many infections rises in tempera ture are associated with falls in the opsonic index; that the injection of a slight excess of vaccine is associated with a rise in temperature and a negative phase, in which the opsonic index falls, but that in patients with an oscilla ting temperature there is no inverse relation between temperature and opsonic index. If then the opsonic index is valid only when the temperature is steady, what practical use is it ? Indeed in tuberculosis and staphylococcal infection there is little variation in opsonic index, but in glanders and Escherichia coli infections the variation is very considerable. He concludes that in the tuberculin treatm ent of tuberculosis it is useful to follow the opsonic index to make sure that the dose of tuberculin is correct. Failure of the opsonic index to rise when tuberculin is injected should raise doubts of the diagnosis, particularly in cases of enlarged glands of neck; the con dition may be lymphadenoma, or the lesions may be healing.
Later (6) he comments on the need for quantitative determination of opsonic index, for the determination of the reliability of the methods and for the recognition of the normal limits of its variation. He again claims that normal opsonic index levels may occur in tuberculosis, and points out that its values may be different before and after the release of bandages, and before and after the application of hot fomentations. It is worth re membering that these observations were made in a laboratory whose chief had little faith in what we should now call statistics, and show a considerable independence of mind.
In (3, 5, and 10), he considers artificial pneumothorax treatm ent for tuberculosis, claims that it is valuable in some cases, and that it does not seem to m atter whether the opsonic index is low or high, or very variable; when the opsonic index is low, artificial pneumothorax may raise it, when it is variable, this treatm ent may maintain it at a steady level. He draws attention to the difficulties caused by adhesions, and describes a method for carrying the operation out; he regards the time for which the method is used, and the frequency of repetition as a m atter for clinical judgement.
Paper (10) provides a fascinating history of the accidental and intentional use of pneumothorax treatm ent, suggests that a large pneumothorax is appropriate in acute, actively progressive, febrile type of tuberculosis, and that smaller intrapleural injections of nitrogen are preferable in quiescent afebrile phthisis, and offers mechanical arguments and analogies to support these views.
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The use of arsenicals in the treatment of syphilis In (2) Fleming & Colebrook state that the original method of injecting salvarsan by the intramuscular route has been abandoned in favour of intravenous injection, which is less painful, quicker, and more certain in its effects. They describe a system of two three-way or one four-way taps and syringes for injection, and recommend that if there is no reaction the patient may get up 36 hours after, or if there is a rise in tem perature 24 hours after the temperature has returned to normal. They find that the lesions disappear rapidly, especially after intravenous injection of the drug; fresh lesions sometimes appear after intramuscular injection. The effect on the Wassermann reaction is variable; it is sometimes positive months after drug injection; are these patients really cured?
In (12) Douglas & Colebrook report that salvarsan and neosalvarsan are notably more bactericidal to staphylococci in saline than they are in blood or serum to which they have been added , but that samples of blood from patients given injections of neosalvarsan are notably bactericidal in vitro by about three hours after the injection. Salvarsan, on the other hand, has hardly any bactericidal effect on the blood of patients into whom it is injected, but greatly increases the bacteriostatic effect of such blood. They suggest th at neosalvarsan m ight be useful in wound septicaemias (cf. 31 and 35 under Puerperal fever, p. 112), and that its bactericidal power vivo is due to its conversion to some effective arsenical compound in the circulation.
Pneumococcal infections
It is difficult to judge how m uch Golebrook had to do with these papers (4, 7). They are written in Alm roth W right's characteristic prose, and Colebrook occurs as one of four authors. In (4) it is shown that ethyldihydrocuprein hydrochloride will kill pneumococci when it is diluted 1 in 800 000 in saline, and, more im portant, when it is diluted 1 in 400 000 in serum; it has no effect on Salmonella paratyphi B used as a control. Notwithstanding this, and the fact th at injection of 0.5 g of ethyldihydrocuprein hydro chloride increased the opsonic power of the patient's blood, it was useless in practice in the treatm ent of pneumococcal pneumonia, and occasionally gave rise to blindness.
Paper (7) deals in considerable detail with the vaccine treatm ent and prophylaxis of pneum onia in native miners in the Rand. Heat-killed phenolized pneumococcal vaccines had no value in the treatm ent of these infections, and seldom led to the development of agglutinating antibody. There was little if any increase of bactericidal power in the blood of vac cinated persons, little increase in bacteriostatic effect of their blood on pneumococci in culture, and some inconsistency in the effect of phagocytosis of pneumococci by polymorphs; injection of 200 million killed pneumococci gave a good opsonic result, but mixtures of sera from vaccinated persons sometimes gave lower opsonic indices than would have been expected from the average indices of individual sera.
They confirmed th at vaccination had no effect on cases of pneumococcal pneumonia, but considered th at prophylactic vaccination was effective, but for a short time only. In persons vaccinated two months before pneu monia developed, the m ortality, as compared with that in unvaccinated persons, was reduced to about one-half; the difference is significant, but no difference in m ortality could be found in persons vaccinated more than two months before they became ill.
Meningococcal infections
In (9) Colebrook, no doubt stimulated by outbreaks of meningococcal infection among soldiers in crowded barracks, examined a num ber of persons in contact with cases of meningococcal infection, and found that carriers were about twelve times as common as cases. It was therefore im practicable to isolate carriers; was it practicable to clear meningococci from the air-passages? Local treatm ent with silver iodide seemed hopeful, as meningococci were absent the day after treatm ent; but on the second day after treatm ent they were present in large numbers. In (9) he considers using bacterial antagonism as a means of clearing meningococci from the air-passages. First he shows by a simple plate test that growing pneumococci inhibit meningococci, and goes on to show that most Gram-negative cocci except gonococci and Brucella melitensis (most of them were Neisseria catarrhalis) are inhibited by pneumococci in , but that meningococci have no inhibitory effect on pneumococci, as, by comparison with meningococci, pneumococci grow so rapidly. If a growth of pneumococci is washed from a plate, and the plate is then heated to 54 °G for an hour to kill residual pneu mococci, meningococci will not grow on the plate; if the pneumococci are inoculated on the plate and allowed to grow at room temperature for 30 hours, then washed off and the plate heated as before, meningococci will grow. So evidently the inhibitory factor is produced only when pneumococci are growing actively. Evidently there is a quantitative effect, as large meningo coccal inocula will often grow in the presence of pneumococci, or on plates whence growing pneumococci have been removed, when small inocula will. The effective inhibitor substance is not acid; it is filterable and is destroyed between 70 °C and 80 °C. In paper (14) Colebrook & Tanner show that some carriers have no circulating agglutinating antibody or increased opsonic power as compared with non-carriers, and cannot therefore be detected by tests for those activities. They also found, by developing new media for the meningococcus, that even when meningococci are present in large numbers in the throat, they are present in nasal mucus and only few are present in saliva. Coughing and sneezing are therefore necessary to expel them in any numbers, and as throat swabbing may stimulate the patient to do either or both of these, throat samplers ought to wear masks.
Vaccination with heat-killed mixed meningococci (suggested in (8)) proved useless in clearing throats of meningococci. Nor were local applica tions of protargol, argyrol, weak calcium chloride or phenol; silver iodide was the only local application with any immediate effect, and this was only temporary in all but one case. Antiserum, though some samples were effective in vitro, possibly because of their phenolic content, had no effect in vivo. The inhalation of water vapour at 51 to 54 °C through the greased nose was also ineffective in the few volunteers tested.
Most interesting of all, spraying the throat with suspension of virulent streptococci and pneumococci, even those from the same patient, did not lead to them replacing the native meningococci.
Wound infections
In (15) Douglas, Fleming & Colebrook study symbiosis in wound infections. They first show that Clostridium grows better from lower dilutions of wound fluid if staphylococci, streptococci or corynebacteria are present; staphylococci and streptococci also grow better in the presence of other aerobes. Proteus, Pseudomonas aeruginosa and coliforms may be present in wounds, along with Cl. septicum and Cl.
whose growth they may encourage, probably by absorbing oxygen. Diphtheroids encourage the growth of streptococci, but the converse is not true. Later, in (17), they show that strictly anaerobic organisms will often grow in fluid media in apparently aerobic conditions; sterile pieces of potato, cabbage or grape improve growth of Cl. w e l c h i i , Cl. putrijicum, and so do bran, asbestos wool, cotton-wool, lint, sponge, charcoal, chalk, khaki cloth, rusty nails and fine capillary tubing. Since blotting paper and unravelled khaki do not improve the growth of anaerobes in liquid media exposed to air, they conclude that a spongy texture is essential for the effect, and recommend the addition of asbestos wool to the medium as another precaution for good growth of anaerobes.
Then in (16) Douglas, Fleming & Colebrook develop the case for early skin-grafting, even when the wound is infected. They comment that skin grafting is usually looked on as a last resort, as success is so uncertain in infected wounds, and failure to heal and even suppuration of the graft may occur. They also state that it has long been established that grafts from one individual may be successfully transplanted to another, though they are not so satisfactory as autografts. They recommend local anaesthesia by nerve block with 2% novocaine and 1 in 50 000 adrenalin, or infiltration anaesthesia with 0.5% novocaine and 1 in 50 000 adrenalin. Grafts should be small and close; if wounds are very large, they should first be grafted a the edges and, when these grafts have developed, the wounds should be regrafted. In an attempt to use very thin grafts they used thick microtome sections of frozen and thawed skin, with poor results.
They used Locke's fluid to cleanse the wound, covered the grafted area with perforated Parex and bandages, and sprayed the dressings with Locke's fluid before removing them. O f 27 autografts and 2 isografts (from amputated limbs) 80% adherence was obtained in 12, 40 to 80% in 7, 5 to 15% in 2, and there was one complete failure.
The isografts were used 16 to 26 hours after limb amputation, and were dressed with 0.1% brilliant green; 80% or more of the grafts took when used on wounds; in one other difficult case only 3 or 4 grafts survived for a short time. Isografts were less valuable than autografts; epithelial attach ment and spread were poorer, and they often came off after a week or so.
Wright & Colebrook discuss in (20) the effects of shock and suspended circulation, using as models ligation of the femoral artery or abdominal aorta in rabbits, immersion in ice baths and haemorrhage. In all cases the acidity of the blood increased; they suggested that this might be due to accumulation of lactic acid, and demonstrated that too rapid resuscitation of such injured animals was dangerous to life. They also found that Cl. welchii grew better in the blood taken from rabbits immersed in ice-baths or exhausted by repeated electrical stimulation.
Wright, Fleming & Colebrook (21) then claim that after early surgical cleansing and resection, wounds are probably sterile, and will heal readily. They recommend culture from pus rather than from necrotic tissue, and direct examination of pus, and suggest that haemolytic streptococci in wounds (presumably well-drained wounds) are not so very dangerous. In (23) they refer to the setting aside of 25 beds in the Inoculation D epartm ent at St M ary's Hospital for cases from No. 13 General Hospital, under Sir Almroth Wright.
In a discussion (88) early in the Second World W ar, on the treatm ent of fractures by the closed method, as recommended by Trueta, Colebrook, remembering his experience in the First World War, asked how frequently haemolytic streptococci were present in wounds, and how often death occurred; he felt that wounds infected with haemolytic streptococci would take care of themselves, but that when streptococcal cellulitis and septi caemia occurred death was not infrequent. T rueta said that he had had 6 deaths in 1073 cases, probably due to deficient drainage, and said that haemolytic streptococci were present only locally, and there was no general infection.
In a letter to the Editor (89) Colebrook records that primary haemolytic streptococcal infection of war wounds was uncommon, perhaps 5% , but that probably owing to the chaotic conditions at the front sulphanilamide had not beep, much used, either by mouth or by local application to wounds. Consequently only impressions of its value were available, but for what they were worth they were mostly favourable. He recommends pairing cases for treatm ent with and without sulphanilamide.
In a meeting of the Medical Society, Dieppe area, reported in (91) Colebrook referred to his experience in the First World War, in which, he said, some 70% of fatal wounds were contaminated with haemolytic streptococci; it had not then been discovered where the infections occurred. It was now clear that only 15% of wounds were contaminated with haemo lytic streptococci when the patient reached the Casualty Clearing Station, and that the contamination rate increased to 90% in hospital later. He recommended prophylaxis with a single course of sulphanilamide-a total of 13.5 g over about four days, consisting of 1.5 g on arrival at the C.C.S., 0.5 g after 2 hours, and 0.5 g 4-hourly thereafter. He then compared the ways in which this treatment might fail in puerperal fever, where only half the cases were due to haemolytic streptococci, the rest being due to anaerobic and faecal streptococci, Escherichia c o l i , Prote all much less sensitive to sulphanilamides, and in war, where use of sulph anilamide might lead to agranulocytosis, a by no means rare condition, with a 50% mortality. He emphasized the importance of not giving multiple courses of sulphanilamide.
In another report of this meeting ( B r. Med. as saying that though a bacteriological diagnosis was essential in dealing with wound infections, the limitation of sulphanilamide treatm ent to haemolytic streptococcal cases was of doubtful propriety. Local applications (as sprays) were of value in upper respiratory tract infections.
Then in (92) Golebrook & Maxted, commenting on a paper by Loewenthal 108 Biographical M em oirs (Lancet, 1939, 1, 197) , which purported to show that sulphanilamide and specific antiserum were more effective in the treatment of streptococcal infections in mice than either alone, suggested that the streptococcal type might be important, and reported that in treatm ent with sulphanilamide and specific serum of mouse infections with four different streptococcal types (types 13, 3, 14, 12), there seemed little difference between treatm ent with sulphonamide and serum and sulphanilamide treatm ent alone. Sulphanila mide alone was often effective, though sulphanilamide and specific serum raised the bactericidal power of serum more than either alone. In (93) Colebrook draws attention to some animal experiments in which he found that if guinea-pigs were wounded and the local muscles crushed and gauze impregnated with haemolytic streptococci, Cl. welchii or Cl. histolyticum was inserted into the wound, dusting the wound with sulphanila mide powder delayed death, and, if repeated, might save the animal. He points out the value of similar treatm ent in wounded men, to prevent extension of infection during transport to hospital, and approves of sulphanilamide treatm ent by mouth also. He is doubtful of the value of insufflators for projecting the powder into the crannies of wounds, but recommends 2-g sulphanilamide 'crayons'. To prevent infection on arrival in hospital he recommends avoidance of overcrowding, the wet-sweeping of floors, or treatm ent with oily florigene, the use of rubber gloves, masks and strict aseptic technique in dressing wounds, and the suturing of skin grafts to cover wounds; if grafting cannot be done, wounds should be uncovered as little as possible.
In (94) Colebrook et al. comment on the belief of German workers that red prontosil is effective only in v i v o , when given by m so that it is unlikely to be useful in local infections. They agree that this is true, but state that in the body red prontosil is reduced to sulphanilamide, which is excreted into fluids in dead spaces and so is effective locally. In a concentration of 1 in 400, sulphanilamide does not damage leucocytes, but has less effect on staphylococci or the gas-gangrene-producing clostridia than on haemolytic streptococci; they recommend dusting wounds with sulphani lamide powder, and feel that this treatm ent or possibly treatm ent with penicillin will be of value in preventing infection of burns.
More details on insufflation of sulphanilamide powder into wounds, covering the powdered area with tulle gras, jaconet or oiled silk, of firm bandaging, and on the importance of retaining moisture in the wound are given by Colebrook & Francis in (96) . Further local use of sulphonamide are given by Colebrook (97), who recommends the use of 30% sulphonamide cream in cod-liver oil for impetigo and allied superficial exudative lesions, especially those due to haemolytic streptococci, though with his usual caution he says that it is not known whether lower concentrations of sulphanilamide would be effective, or whether the cod-liver oil is important.
Then, in (95), Colebrook & Francis investigate the use of the ditch-plate method for demonstrating resistance of some haemolytic streptococci to sulphonamides, and point out the possible errors of the method. They prefer the use of small inocula in heated human blood with graded dilutions of drug, and subsequent viable counts. They find that strains resistant to sulphanilamide are also resistant to sulphapyridine, sulphathiazole and sulphadiazine, but consider further work necessary. They find no evidence that resistance develops during treatment with sulphonamides, but point out the importance of the emergence of resistant strains for spread of infection in hospitals and its occurrence in operating theatres, and as a cause of failure of treatment, and suggest that it might give a clue to the mode of action of sulphonamides. Colebrook et al. (101) also show that non-haemolytic group-A streptococci of low virulence to mice may infect wounds; they belonged in his 13 cases to types 12 (11 cases) and one each to type 11 and type 25. All were resistant to sulphonamides.
Then in (105) Colebrook records that of seven strains tested (six resistant to 20 mg sulphanilamide per 100 ml, one sensitive control), five were sensitive to sulphapyridine (10 mg per ml), three to sulphadiazine (5 mg per ml) and six to sulphathiazole (2.5 mg per ml), and suggests that this means that infections with many strains resistant to sulphanilamide may be effectively treated with available concentrations of sulphathiazole.
Colebrook & Cawston (112) then produce evidence that sulphonamides are not merely bacteriostatic, as suggested by some other authors, but that sulphanilamide, sulphapyridine and sulphathiazole are bactericidal in vitro. In a letter to the Editor (114) Colebrook rejects the view that mass prophy laxis with sulphonamides does not produce sulphonamide-resistant variants of streptococci, and instances two published accounts to the contrary.
The next group of papers is concerned with hospital infections of wounds. Paper (99) is concerned with the disinfection of skin. After some discussion of sampling methods Colebrook goes into the effect of washing the skin with various substances, his object being to render the skin sterile in 15 minutes or less, and to find a substance with a prolonged effect. He notes that washing may increase the number of organisms on the skin surface; coarse soaps are effective, more elegant soaps less so, coal-tar products are less effective than yellow soap; all are less effective the larger the number of bacteria on the skin; all are more effective at 37 °C than at room temperature, and in distilled water rather than in tap-water. Mercuric chloride solutions (0.1%) and lysol reduce the bacterial flora, but do not abolish it. Skin over which discharges flow is particularly difficult to sterilize. In the end he finds chloramine T (3 min), iodine (1% in 2% KI, 1 min), 5% chloroxylenol (2 min), Dettol (1.5 min) and Dettol cream (2 min), effective in sterilizing the skin in the times stated. Iodine moreover had a persistent effect for about 5 hours, and Dettol for 2^ hours. Alcohol was useless. Rubber gloves could readily be freed from organisms by thorough washing.
Then in (125) Colebrook & Ross give examples of the spread of haemolytic streptococci in the air. For this investigation they used settle plates or slit samplers during the dressing of patients' wounds, and were able to show that 110
Biographical Memoirs streptococci were present on blankets and might be transferred to other patients; a surgeon's scabbed-over wound of elbow was found to be infected with type-1 streptococci, which were also present on his waistcoat. Colebrook is not impressed with the usual methods for bacteriological sampling of blankets, and suggests 'hoovering'. This paper leads naturally to the comment (146) that the ventilation of operating theatres ought to be designed to prevent the dissemination of pathogenic organisms to corridors and wards, and a specific objection to force-draught ventilation for them. In (149) the whole matter is summarized. He finds that operation sepsis is taken too calmly; that the memory of theatre teams for figures is poor, and their comments on theatre sepsis are largely based on impressions. Ventilation is often badly arranged in operating theatres, unsterile blankets and stockings are often brought into them. He recommends that operating theatres should be provided with sterile air, that unsterile blankets and stockings should never be brought into them, and that soiled dressings and plasters should be removed in another room. Further, for wards, he recommends vacuum cleaners and built-in suction systems instead of sweeping, the oiling of blankets to keep down infective dust, the cessation of the dressing of open wounds in wards, the isolation of infective and infected patients in cubicles, with barrier nursing, the provision of closed containers for soiled linen, and chutes for its disposal, in which nurses should take no part. There should, he feels, be better washing facilities in wards, discardable overalls should be worn for bedmaking, and boiler suits should be worn instead of uniform, and he mentions difficulties in wards due to the presence of flies, unsterile saline, instruments, toys and feeding utensils. He does not underestimate the difficulties in getting these things dealt with, and instances the difficulty of getting ward sisters to use spindle oil as a dust preventer-it is slippery during drying, and damages nurses' shoe leather, and the dull surface it leaves is not pleasing.
Finally he recommends separate wound dressing rooms, the use of a no-touch technique in dressing wounds, and above all the development of burns centres, and of Central Sterile Supply Departments-there were apparently none in England in 1955-and the institution of a responsible Infection Control Officer, who would keep a systematic check on all infections acquired in hospitals, and publish an account of them (see also (118)).
Most of this is now standard teaching; the only problem, though there have been improvements, is to get it all put into operation.
Puerperal fever I take this large group of papers out of their chronological sequence, as well as the subsequent papers on burns, because they are closely related to those in the previous section. The first (31) is a letter to the Editor, correcting an impression given at a scientific meeting that neosalvarsan is the most efficient drug for use in puerperal septicaemia. This is not true; in his opinion it is more likely to be useful than any drug at present known, as when injected it confers on body fluids power to kill haemolytic streptococci for many hours after the injection. This is unfortunately no guarantee of effectiveness; its bactericidal action is slow, it is rapidly excreted, it has a damaging effect on leucocytes, and haemolytic streptococci readily become resistant to it. Proper trials ought to be done, with parallel bacteriological investigations; and no one should be surprised if it does not work.
Then in (33) Colebrook & Fry record their bacteriological findings in puerperal fever. They find that most septicaemic cases are due to haemolytic streptococci, and think that death without septicaemia is rare. No special species of streptococci are incriminated (e.g. Str. puerperalis) ; infections with non-haemolytic streptococci are seldom troublesome They note that there is normally a leucocytosis post-partum (no doubt due, even in the absence of infection, to the need to remove necrotic and hypertrophic tissue) and recommend that if it does not occur, nuclein should be injected intra muscularly. They emphasize the importance of the number of haemolytic streptococci in blood cultures and the need for quantitative counts; patients with 1 to 10 organisms per ml often recover; those with 50 or more per ml usually die.
As the serum oozing from the placental site is an excellent growth medium for bacteria, they recommend intermittent uterine irrigation with Dakin's fluid or glycerol or hypertonic saline; immunotransfusion with defibrinated blood (see also 26, 27, 28), though effective in the laboratory in raising the bactericidal power of the blood, has little clinical effect. They also advocate the concentration of cases in a few hospitals for comparison of treatments.
Paper (35) deals with experimental work on various arsenicals in the hope that they might be useful in puerperal fever. Their defects (toxicity, both general and to leucocytes, and the slowness of their action, see also (31)) are surveyed, and metarsenobillon, kharsulphan and sulpharsenol are recom mended as possibly useful.
Much of the work already referred to was no doubt based on the experiences recorded in (36). In 1924 Almroth Wright had asked the Metropolitan Asylums Board for facilities to continue investigations that his Department at St Mary's had been carrying out on cases of puerperal fever in one of the poor-law hospitals. These facilities were granted, subject to the agreement and cooperation of the medical superintendents of the hospitals concerned, and Colebrook was put in charge. Most of what he records is set out in other papers, but he now regards immunotransfusion as of value only in mild cases, and has found mercurochrome useless in haemolytic streptococcal infections in rabbits (34), and therefore did not try it in man.
In 1928 R. R. Armstrong & W. Shaw had published a paper claiming that streptococcal vaccines used prophylactically failed to prevent puerperal infections, and expressed surprise as Str. pyogenes is the chief cause of morbidity in the puerperium. Colebrook (37) agreed that this was true in severe and fatal cases, but not in mild ones and instanced 85 'morbid' clinically septic
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Leonard Colebrook cases delivered in Queen Charlotte's Hospital, of which 6 yielded haemolytic streptococci, the rest diphtheroids, Escherichia coli, staphylococci, nonhaemolytic streptococci and other organisms; later Colebrook & Hare (39) found that only 10 out of 162 cases were associated with Str. pyogenes; they were comparatively minor, and there was no spread.
Then in 1930 Colebrook (40) recorded the occurrence, in pure or mixed blood culture, of anaerobic streptococci in 17 out of 76 cases of puerperal fever. O f the 13 treated in Queen Charlotte's Hospital, six had had manual removal of the placenta, three manual rotation or replacement of the prolapsed arm, one plugging for placenta praevia. The cases were not fulminating; there was usually tenderness at the brim of the pelvis, throm bosis of the ovarian veins, anaemia, some pus in the pelvis and general peritonitis; seven patients died. Post-mortem examination showed septic thrombi, infarcts in spleen and lung, infective endocarditis and local abscesses. Techniques for growing anaerobic streptococci are given.
Dr R. R. Armstrong & Mr H. Burt-White were not greatly impressed with this demonstration, and thought that trauma during intra-uterine manipulation was primary, and infection secondary. Colebrook (41) agreed, but still felt that anaerobic streptococci were important in causing deaths, even though their pathogenicity to animals was low, and emphasized the importance of exact information about the aetiology of puerperal sepsis.
In the meantime the Interim Report of the Departmental Committee on Maternal Mortality and Morbidity, set up in 1928, had appeared (Browne et al. (43) ). It concluded that case records were inadequate; that there were about 2000 deaths a year, roughly divisible into 1596 deaths directly due to pregnancy, and 400 deaths from independent but associated conditions. Sepsis accounted for 38.6% of the 1596 deaths directly due to pregnancy. In an address to the Sanitary Institute at about this time (44) Colebrook said that he now felt inclined to add anaerobic streptococci to haemolytic streptococci as important causes of puerperal fever, and put forward the view (mainly derived from his sister Dora) that the streptococci were derived from the throats of parturient women or their attendants, as few women carried these organisms in the vagina. He noted the importance of fatigue in increasing the risk of infection, and called for more care in preventing transfer of infective organisms from patient to patient and from throat carrier to patient, and at the same time for better midwifery, and disinfection of hands and the use of sterile gloves and masks.
Then, in (47), in a talk on maternal mortality given to the Paddington Medical Society, he comments that it is impossible to sterilize the vulva completely; 2% iodine is best, but needs 5 minutes to act. The haemolytic streptococci important in puerperal fever are derived from throat carriers, the anaerobic streptococci and Escherichia coli from the intestine. Gloves worn for examination or delivery should be washed in diluted Lysol or in 1 in 5000 mercuric chloride, and puerperal fever cases and emergencies in 113 their early stages should be sent into hospital, where treatment with arsenical drugs might be used.
In (48) Colebrook confirms the occurrence of anaerobic streptococci in puerperal fever, citing 12 cases (with 4 deaths) that gave pure blood cultures out of 220 cases of puerperal fever seen over 15 months, and one that gave a blood culture positive for anaerobic and haemolytic streptococci. He again emphasizes the association of anaerobic streptococci with internal manipula tions and long and exhausting labours, comments that they are present in the cervix, probably as saprophytes, in 40% of pregnant women, and thinks that they may very well be as common in puerperal infections as haemolytic streptococci, but that the infections they produce are less often fatal.
In a neat piece of detective work (50) he shows that puerperal infection may occur post-partum, and therefore recommends that masks should be worn for all treatment of post-partum women (e.g. pad-changing, catheteriza tion) for the first 3 or 4 days of the puerperium.
In (52) Golebrook summarizes his investigations up to 1933. He discusses the facts I have already recorded, and comments that some 3% of women carry haemolytic streptococci in the vagina, but that these are only feebly pathogenic, and may, as others have reported, be absent throughout labour in patients that later develop puerperal fever. There is no evidence of transformation from harmless to pathogenic streptococci. He again empha sizes the importance of transfer of haemolytic streptococci from infected throats, and comments that transfer by the hands or clothing of doctors now appeared to be much rarer. They were much more likely to be transferred from other cases of puerperal infection, from the patient's own throat and those of other patients, and from the throats of relatives. Mothers should therefore be warned never to touch the vulva with the fingers during labour.
As it is impracticable to exclude all haemolytic streptococcal carriers from maternity hospital duties, routine swabbing of all staff should be carried out, and persons who are 'dangerous' carriers, as defined in (53), i.e. those with sore throats, laryngitis or antral infections, should be excluded until the numbers of haemolytic streptococci present in the infected areas have fallen to very low levels. All fever cases should be swabbed; masks are only one safeguard; the key to success is strict discipline and adherence to rule.
A full description of anaerobic streptococci important in puerperal fever is given by Colebrook & Hare (54). Their pathogenic power is low in animals (mice), in which they normally produce caseous foci, occasionally with septicaemia. In cases of puerperal fever the pathological changes are as described in (42). They are common after parturition and after abortion, rare in women otherwise or in children or men. Tests are unimpressive, but they seem in some cases to produce sufficient acid to reduce the pH of the lochia, and they certainly grow better in acid or trypsinized media. They do not produce coagulase and are strict anaerobes, and do not tolerate aerobic conditions even after repeated subculture. Four apparently distinct groups are definable, possibly only two.
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In a paper on antisepsis in midwifery (55) Colebrook & Maxted extend their work on disinfection of the hands, by applying various substances after contamination of the fingers with Str. pyogenes or with organisms mixed with saliva or pus and allowed to dry on the fingers. Untreated contaminated fingers were used as controls. Comparable experiments were done with staphylococci and diphtheroids. Again, as in (99), yellow household soap came out very well, sterilizing hands contaminated with organisms in only 3 minutes at a dilution of 1 in 400; buttermilk soap at the same dilution was less effective and mercuric chloride was poor; but the best result was obtained with Dettol 1 in 100 plus soft soap 1 in 200, with which mixture sterility was obtained in one minute. Among other results, Lysol 1 in 160 sterilized in 3 minutes, Lysol 1 in 320 in 6 minutes, at which time 1 in 1000 mercuric chloride was also effective. The effect of soaps is not due to their alkalinity, as soap-free alkaline solutions are ineffective.
Organisms dried on the fingers with pus or saliva were much more difficult to kill; 1 in 1000 mercuric chloride, 1 in 160 Lysol, 1.2% formalde hyde in 5% glycerol, thiomersalate and a num ber of other disinfectants were all unsatisfactory. The organisms were, however, completely eliminated by 1 in 200 each of crystal violet and brilliant green (30 min), Lysol 1 in 160 (5 min), chloramine T (3 min), iodine 1% (3 min), iodine 2% in 3-4% potassium iodide (1 min), Dettol 30% paste (2 min), and undiluted Dettol (1 | min). Previous washing with soap and water improved these results.
As there was nothing in the literature about the prolonged effects of disinfectants, they treated fingers with disinfectants, then contaminated them with streptococci and examined them for survival of streptococci at various times thereafter. Carbolic soap, ether soaps, brilliant green, crystal violet, and Lysol had little persistent effect, 1 in 1000 mercuric chloride a little; undiluted Dettol was effective up to 5 hours, 30% Dettol cream for 3 hours, 2% iodine in 4% potassium iodide for 6 hours. They recommend Dettol, as it does not sensitize the skin or discolour the hands, and smells pleasant, preferably as 30% Dettol cream, which they also use for sterilizing gloves on the hands. As 1 % Dettol is too dear for sterilizing sinks, they suggest 1 in 500 Cyllin for 3 minutes.
They found that washing out the vagina never completely eliminated dangerous organisms, and might even replace relatively harmless bacteria with dangerous ones. Practically every substance they tried (except mercurochrome) reduced the count, but 1 in 200 crystal violet-brilliant green was best, and might reduce the count to 0 in half-an-hour on occasion.
These experiments came under fire, as doubtfully relevant to the world outside laboratories, in an annotation in The ; Colebrook had little mercy on it (57). He took the view that the relevance of his experiments was obvious, and that if one wished to develop an antiseptic ritual, a sound knowledge of the efficacy of antiseptics was essential. He admitted that some objection might be made to the use, to avoid severe infections, of avirulent instead of virulent streptococci, but stated that in three experiments, when no avirulent streptococci were available, virulent streptococci were used: the results were the same.
Having observed that many post-partum women with puerperal fever have or develop urinary tract infection, mainly with Escherichia , occasionally with staphylococci, faecal streptococci or Streptococcus , and that such patients when treated with large volumes of fluid and with potassium citrate and local 'antiseptics' often become symptom-free but may have prolonged bacilluria, Fuller & Colebrook (56) suggest treating them with a ketogenic diet. If the carbohydrate in a diet is reduced, the fat in it is imperfectly oxidized, and /3-hydroxybutyric acid is excreted; a diet containing 250 g fat and 30 g carbohydrate per day was usually effective, but occasionally reduction of the fat to 10 g per day was necessary. (High fat diets were disliked by patients, but could be disguised by an experienced cook!) They recommend that the diet be given for not more than 14 days, and discontinued at most 3 to 4 days after the urine becomes sterile-if the case is a severe one, one week after. In most instances the urine became sterile within 17 days, on the average in 9 days. Elimination of cocci was easy, elimination of Klebsiella aerogenes most difficult. Relapses were easily treated by repetition of the treatment. They regard the common failure to develop ketosis as usually due to failure to eat the diet.
Rivett et al. (58) discussed experience with 533 cases of puerperal fever treated in the Isolation Block at Queen Charlotte's Hospital from its opening in 1930 until 1933. Of these cases 298 occurred after normal delivery, often without vaginal examination; 37 cases occurred after abortion. Most cases were in 1 -or 2-parous women, often suffering from ill-health or malnutrition; 47 had albuminuria, 18 had septic foci; intra-uterine manipulations had been carried out in 202, and there were lacerations in 334. Antepartum haemorrhage had occurred in 28, post-partum haemorrhage in 95.
On the basis of these cases, puerperal fever is divided into 7 grades of increasing severity. Infection is regarded as being derived frequently from nurses. Bacteriological examination of the cervix, done in all cases, and, if severe lacerations were present, of the vagina, showed haemolytic streptococci in 208 cases (39%). In those cases where anaerobic streptococci were present in the genital tract and in blood cultures (19 cases), 42.2% died; if they were present in the genital tract only, none died. At post-mortem the usual finding was general peritonitis, with occasional endocarditis; there was no laking of the blood. Treatment was by intermittent drainage with glycerol, and with organic arsenicals, which were thought to be useful in localized cases, but of no value in cases of general peritonitis.
In (62) Colebrook & Hare investigate the value of organic arsenicals in puerperal infections, comparing the mortality in cases so treated with what might be expected in untreated cases of equal severity, and are forced to the conclusion that the arsenicals have little or no effect on the mortality.
Hare & Colebrook (61) give a thorough account of haemolytic streptococci from the vagina of febrile and afebrile parturient women, and show that 116
Biographical Memoirs most of the strains from afebrile parturient women are not those character istic of hum an infections, but resemble those from bovine mastitis, which seldom infect man. They are therefore probably derived from infected milk, and vaginal infection occurs by spread from the anal area. More important is the fact that the haemolytic streptococci responsible for puerperal fever are typically streptococci of hum an type (to judge from their biochemical reactions), and must therefore have been acquired during labour or the puerperium, and have replaced the harmless bovine forms. It is therefore most important to prevent transfer of haemolytic streptococci of human type to parturient or post-partum patients. Colebrook, Maxted & Johns (67) then show that haemolytic streptococci occur in the nose in 3 to 5% of persons, in the nasapharynx and tonsils in 5 to 10%, and point out the importance of this in obstetrics. Viridans streptococci are common on the hands in almost everybody, and are presumably derived from the throat, as they do not occur on relatively inaccessible areas, e.g. the interscapular skin.
Much of what was known or recommended to date is summarized in (65), (69) and (70). In (69) Colebrook gives some examples of the thought less way in which nurses were transferred to maternity wards from wards where there were cases of tonsillitis, or were allowed to come and go between maternity wards where cases of scarlet fever were being treated. He recom mends sensible propaganda about streptococci, especially in the present state of public alarm about the death of Conchita Supervia, the organization of bacterial services for the detection of potentially dangerous persons, the isolation of cases of puerperal fever, the encouragement of good nursing homes and the discouragement of bad ones, a policy regarding the use of masks and efficient antiseptic precautions, and, above all, an effective national policy on the subject. (65) and (70) give his own views on the proper prophylaxis and the treatment of cases.
It is convenient at this point, before everything was changed by the introduction of sulphonamides, to refer to other matters of controversy.
In 1930 in paper (38) Burt-White et al. record an investigation on cuta neous sensitivity to scarlet fever toxin in pregnancy and the puerperium, the results of which suggest to them, but only mildly, that Dick-positive women are slightly more susceptible to puerperal morbidity. They conclude, however, that there is no justification for immunization of all expectant mothers, nor indeed of Dick-positive women; Dick-testing is necessary only in women with complicated labours, and Dick-positive women may then be given anti-scarlatinal serum.
By 1934 Colebrook (60) has abandoned even this rather conservative attitude, and suggests that serum treatment is not only useless, but may be harmful, and in reply to a letter to the Editor from Dr Pulvertaft, recom mended more frequent use of serum, states that there are no substantial grounds for its use (63). Dr Pulvertaft was not convinced and took the view that streptococcal toxin was important in puerperal fever. Colebrook (64) drew attention to the pathology of the disease, and agreed that scarlet fever toxin might be important, but asked for evidence, especially as puerperal fever cases never had a scarlatiniform rash, and as mice, which were insusceptible to Dick toxin, still died from infections with streptococci from puerperal fever cases.
In (68) he gives the evidence on which his scepticism about serum treat ment is based. It is mainly a criticism of reports in the literature for failure to appreciate the great difference in mortality of puerperal fever of varying grades of severity, and the consequent failure to use comparable cases for experiment and control, or to realize that severe cases are sometimes treated much more promptly when there have been a number of cases grouped in an area (see also (66) and (81)). In (59) he states that he is unimpressed by claims for streptococcal vaccines in preventing puerperal fever, as there is a multiplicity of streptococcal types, and sees no advantage in adding staphy lococcal vaccine to them. In (75) Kenny & Golebrook provide epidemiological and experimental evidence for the unimportance of streptococcal toxin in puerperal fever.
In (40) he states that he has seen no case of Cl. welchii infection in two years, and supposes that its rarity is due to the need for acid conditions and extensive death of tissue, and suggests, if a case does occur, irrigation with sodium bicarbonate.
In 1935 Domagk had found that prontosil would save mice from infections with virulent haemolytic streptococci. By 1936 Colebrook et al. (71) had confirmed these results in mice with prontosil and prontosil soluble, had shown that multiple doses were more effective than single ones, that treat ment must be early (3 | hours after infection) to be successful, and that the drugs were more effective against virulent streptococci. They also showed that where fruitful comparison was possible, 45% of puerperal fever cases were improved, but that late and severe cases were little affected. Complica tions of treatment were irritation of the urinary tract, albuminuria in some cases, and cyanosis in three cases with sulphaemoglobinuria, probably because of treatment with magnesium sulphate aperients. In (72) Colebrook asks for cooperation in the treatment of haemolytic streptococcal cases of puerperal fever with prontosil and />-aminobenzenesulphonamide.
Then, in (73), Colebrook et al. record a further 26 cases of haemolytic streptococcal puerperal fever treated with prontosil. Eleven cases were mild, 14 were severe, one had an inflammatory mass that slowly resolved. All the cases recovered, and they conclude cautiously that the drug, which they used by mouth and intramuscularly in doses depending on the severity of the disease, must have had some effect. Colebrook, Buttle & O 'Meara (74) show that sulphanilamide has a direct inhibitory effect on streptococci in blood, a property not possessed by prontosil or prontosil soluble; when given by mouth prontosil and sulphanilamide both increase the bactericidal power of the blood.
The effectiveness of these drugs in puerperal fever naturally led to the 118 Biographical Memoirs suggestion that they might be used prophylactically in all women at term. Colebrook (76) does not consider their prophylactic use justifiable in normal childbirth, especially as there are known risks (acute haemolytic anaemia and agranulocytosis), but feels that it may be proper to use them in patients who either have haemolytic streptococcal infections or tonsillitis or have been in contact with persons with discharging ears, scarlet fever or sore throat, or in cases where obstetric interference is necessary. He provides evidence from animal experiments that the method will work, and that some 'catching up' is possible, though only for a few hours, and to get an answer on what can be achieved, emphasizes once more the need for accurate and complete records of cases. Then in (77) he corrects an error (his own) by stating that his view that the -S 0 2N H 2 group is essential for bactericidal activity by pointing out that sulphones are effective, though no -SOaN H a group is present, and that soluseptazine and proseptazine, which have -S 0 2N H 2 groups, are no more effective than sulphanilamide.
Paper (78) by Colebrook et al. extends the findings in (73) by recording very thoroughly the treatm ent of a further 106 cases of puerperal fever with sulphanilamide. This paper has a useful note on the chemical composi tion of the sulphonamides, with an interpretation of their trade names; paper (79) is a general survey by Colebrook et al. of the problem, with a very balanced discussion of the risks of the disease and its treatment. Colebrook (80) gives an up-to-date view of the streptococci important in puerperal sepsis, and of the value of sulphonamides, and in (82) he replies to suggestions that he deserved 'special recognition' for his work on puerperal fever by saying that all the progress was due to team work, of which his own contribution was not the most important, and refers appreciatively to the work of his sister Dora on infection from contacts and to that of R. Hare on Lancefield typing of streptococci.
Another letter to the Editor (83) deals with a statement by Levaditi that sulphanilamide is ineffective in curing haemolytic streptococcal infection in m ice; Colebrook points out that Levaditi gave only a single dose of sulphani lamide, and that in his own experiments repeated doses were always effective. He notes also that Trefouel, Nitti & Bovet (1937) had 'suggested', not 'asserted', that prontosil was converted to sulphanilamide in the body; A. T. Fuller (1937) had proved it.
Then in his Chadwick public lecture (84) and his Robert Campbell Memorial Oration (86) Colebrook goes thoroughly over the ground, emphasizing the need for a strict routine in the treatment of parturient women, and comments that the success of the sulphonamides in the treatment of puerperal fever may make people careless; some streptococci are resistant to sulphonamides. He recommends examination of the throats of all new members of staff when they are taken on, and exclusion of attendants with respiratory infections from contact with women in labour until they are free from infection. He again refers to the risks of sulphonamide treatm ent; and in (85) suggests that to avoid the risk of agranulocytosis, sulphonamides should not be given for more than 5 or 6 days, if no response to them was obvious, and that the white blood cells should be counted every two days after the sixth day of treatm ent; he recommends treatm ent with Pent nucleotide and transfusion of defibrinated blood (see also (28)).
In (87) Fuller, Colebrook & Maxted provide a thorough investigation of the survival and growth of haemolytic streptococci in shed blood and serum, with especial consideration of the role of carbon dioxide concentra tion. They find that rabbit and mouse blood is much less effective than human for growing streptococci, and finally recommend a closed-tube method, with an air-space twenty times the volume of the blood, and a temperature < 3 8 °C for 24 hours. Armed with this information they then (90) proceed to investigate the bactericidal power of sulphanilamide. There is a good deal of interesting material in this paper, but the true conclusion is not reached.
In his Blair Bell Memorial Lecture (118) Colebrook reviews about 7000 cases of puerperal fever, 700 of which were due to haemolytic streptococci, and provides an admirable summary of work to date. He once more strongly recommends the appointment of an Infection Control Officer (see (149))-at least in some of our larger hospitals. His Jenner Memorial Lecture (151) is a history of puerperal fever, which shows how many modern ideas on the disease had been put forward long before, and how much of the drug treatment of the disease had benefited from fortunate accidents; and emphasizes once more the need for prevention. In a very late letter to the Editor (154) Colebrook draws attention to umbilical infection in the infant (often without a local lesion, though this may develop later), as a source of puerperal infection in the mother, and recommends penicillin cream for treatment-or perhaps a dusting powder of penicillin and lactose, though he states that there is so far no evidence that it is any better than the cream. In his last letter on the subject (158) Colebrook, dealing with a finding by J. D. A. Gray that parenteral penicillin fails to clear sensitive haemolytic streptococci from the throats and noses of staff and patients in a maternity unit, states that many throats and noses now carry resistant penicillinaseproducing staphylococci. He quotes some experiments by Becker, who injected penicillinase intramuscularly into guinea-pigs given penicillin systemically, and showed a rapid fall in blood penicillin concentration continuing for several days. Colebrook therefore wonders whether throat and nose staphylococci might produce sufficient penicillinase to reduce the local penicillin concentration to a level where it was inadequate to kill even highly susceptible haemolytic streptococci.
Burns
In a discussion on the treatment of burns (98) Colebrook states that sepsis is very important and agrees with Sir H. Gillies that sulphonamides are very valuable. He had recently seen 35 superficial granulating wounds treated daily with sulphonamide powder under vaseline gauze and moist saline 120
Biographical M emoirs Leonard Colebrook dressings; in all but two haemolytic streptococci disappeared in 2 to 3 days, sometimes within 24 hours. He refers to burns from bomb flash, and to the usefulness of insufflators for sulphonamide powder. M r C. P. G. Wakeley thought that the large serum loss from burnt skin made protein replacement essential, and so suggested that a diet of eggs was valuable; the risk of sulphaemoglobinaemia from treatm ent of patients on this diet with sulphona mide made sulphonamide treatm ent less valuable. In (102) Colebrook refers to streptococcal infection of burns in hospital wards, and instances the case of a Flying Officer admitted with severe burns who was given sulphapyridine by mouth. An easily recognizable type-12 streptococcus resistant to sulphapyridine was isolated from the burn, and was soon transferred to 12 other patients in the ward. There was no control of blanket dust in the ward. Colebrook insists once more on the need for a whole-time supervising officer for control of infection, and on the importance of propaganda demonstrations to nurses on the ease of transmission of bacteria.
Paper (103) deals with the treatm ent of burns with penicillin and propa midine. Here Clark et at., finding that sodium penicillin produced too much pain to be useful as such in local treatment, made up a penicillin cream (120 units penicillin per g cream), in lanette wax SX and castor oil. They used the calcium salt, as it is less hygroscopic. Staphylococci and streptococci disappeared after 4 applications of about 1 g cream ; there was no effect on Gram-negative organisms.
Propamidine (0.1% in lanette wax, hard paraffin and technical white oil) had to be applied on linen gauze as the base used was harder than that in penicillin cream. In general, it was less satisfactory than penicillin, though it was sometimes active against organisms resistant to penicillin; cases treated with it healed more slowly than those treated with penicillin. It had no effect on Gram-negative organisms.
In (104) Colebrook deals with the burn as an open wound, and insists that a high nursing standard is essential to prevent infection. He thinks CTAB a good disinfectant, except when many hours have elapsed after the burn and haemolytic streptococci have established themselves in it; acriflavine is not so good.
Colebrook et at. (107) deals with the first-aid treatment of burns and scalds, and condemns the common tendency to apply painful useless remedies with unsterile cloth; he points out that it is essential to relieve pain, to prevent the survival of contaminating pathogens, particularly haemolytic streptococci, to destroy them if they are already there, and to avoid damage to the tissues. They find, both in experimental and in natural burns, that exposure to air is painful, to hot air worse. Cold water or cold watery cream gives instant relief, admittedly usually short-lived and followed by variable burning and throbbing for an hour or m ore; he recommends local analgesics -particularly a mixture of 1% cetavlon cream, 5% of cetyl alcohol, 25% of linseed oil, made up with water.
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In (108), (109) and (110) he extends this advice; for severe and extensive burns he recommends keeping the patient warm, and giving morphine if it is required, with immediate removal to hospital. Small accessible burns should be covered with a freshly laundered towel or better a sterile clothif burns are likely, a stock of such cloths should be kept-and the patient sent to a doctor or to hospital. If delay is unavoidable, or the patient has to be treated at home, smear Glasgow No. 9 cream (GTAB 1 g, sulphanilamide 0.3 g, castor oil 25 g, beeswax 1.8 g, wool fat 1.8 g, cetyl alcohol 5 g, glycine 10 g, water 52.4 g-a method is given for making it up) liberally over the burn. Do not leave it on for more than two days, as it may cause a sensitization dermatitis. If a burn has to be dressed, wash your hands and dry them beforehand, and wear a mask or clean handkerchief over your mouth and nose. Cover the burn with a sterile cloth or recently laundered towel-not with blankets.
The experimental work and clinical observation on which these recom mendations are based are given in Colebrook et al. (Ill) , which is full of detailed information on the subject. The only im portant further recom m endation is that the first dressing of a burn should be done in a ventilated sterile room, with sterile blankets and, whether in an operating theatre or not, with a no-touch technique.
His first thorough description of a Burns U nit in which his recom menda tions were to be carried out, is, perhaps naturally, addressed to nurses (113); the prim ary dressing of burns is to be carried out in a room used exclusively for this purpose, with very strict asepsis. Subsequent dressings are done in a special dressing station, with filtered humidified air entering at ceiling level at 500 cu. ft per minute, and carried away by an extractor fan to the outside wall. Five minutes should elapse between each dressing, in severe cases fifteen. Blankets are to be removed and all the patient's bed linen, and he is to be covered with a sterile sheet before he is brought into the dressing station. Colebrook recommends treatm ent with penicillin and sulphathiazole; saline baths are to be used for some cases; then early skin grafting and rehabilitation. The experimental work on which these ideas are based is given by Bourdillon & Colebrook in (116) , and by Colebrook & Cawston (129) ; in (117) Colebrook recommends that necessary arrangem ents for the treatm ent of emergencies should be thought out and agreed, and periodically reviewed by hospital staffs, and that one or more burns centres should be set up.
Then in a series of papers (122, 124, 127, 130, 136, 138, 155 and 161) , he and others pursue the ideal of perfect treatm ent of burns. Most of these are concerned with application of his principles to the real world, where there are never enough nurses, where unskilled help may have to be used, where there are never enough single cubicles for isolation of burn cases, and barrier nursing may have to be substituted. Perhaps the most interesting paper is (128), in which he and Hood show that dressings through which serum from burns has soaked may allow growth of organisms outside the dressings through into the wound beneath. They then comment (138) that protein and fluid loss from an extensive burn may require fluid and electrolyte replacement, and call for a physiological approach to this kind of accident. He also states that it may be possible to avoid the seepage infections referred to in (128) by soaking outer dressings in antiseptics, but he obviously has little faith in it. He is not much in favour of letting burns scab over, as this takes a long time, and infection may develop beneath the scab. Uninfected burns may be skin-grafted one day after the accident. Again he pleads for special burns centres. To comments that penicillin readily sensitizes patients, he replies (155) that penicillin sensitivity is rare and transient.
Colebrook (119) then turns his attention to the problem of burning and scalding accidents in the home, to which he brought for a long period his remarkable talents as investigator and propagandist. In (119) and (121) he calls attention to the scale of burning and scalding accidents in the home, to their causes (lack of playpens, inflammable clothing for young children, inadequate fire-guards, unfixed tablecloths that children can pull off, unstable teapots and kettles), to the long period of stay of cases in hospital, with the enormous cost in manpower, to the dislocation of home life, when the mother may have been injured, or may have to spend much of her time in visiting the child or taking it to outpatients. Many cases of severe burns, he admits, now recover, but are badly damaged, often severely handicapped and doomed to much unhappiness.
O f all such accidents, 80% occur in the home (121); there are as many cases in young children between 1 and 5 years old as there are in all groups between 6 and 65 years old; more children died between 1935 and 1939 from burns than from road accidents. Girls are burned, boys are scalded; boys from curiosity, girls because of their inflammable, looser clothing. The old fall on fires, or spill hot water over themselves. Overcrowding is probably important, but is not so far proved to be so. Fire-guards are an obstruction in small rooms, they cost money, and are often of unsatisfactory design. Low grates with saucepans or kettles on the coals are an obvious danger. Though it is true that parents, especially if they are poor, often show gross carelessness, they cannot always be blam ed; they are often overworked, they must go out, and they cannot be with their children all the time; so improvements in domestic fire precautions may, however, slowly, reduce the risk.
He recommends, therefore, extensive and thorough propaganda-through films in cinemas and in schools, pictures in Women's Institutes and clinics, notices in the Press and exhibitions on home safety, and references to the m atter for Girl Guides and Scouts. Besides these, he wants fixed fire-guards of pleasing design, substantial and, for coal fires, stapled to the wall, for electric fires, in the form of a complete close mesh at least 2 inches away from the element. Clothing should be non-inflammable, so woollen clothing or cotton made fireproof and tested for this property should be worn. Sunken wells should be set in gas or electric cookers for saucepans; thin fireproof gloves with gauntlets should be used for oven work. First-aid teaching should be thorough and up to date.
In (123) he proposes that there should be a simple test for flammability of clothing, readily intelligible to the 'm an in the street'. If fire-guards are made of wire netting, the ends should be turned in, so that they do not catch on clothes. Suggestions that fire-guards reduce the heating efficiency of fires are subjected to experimental verification; the effect is found to be minimal (see also 131). Then in (131) Colebrook & Golebrook produce more figures to support their views on burning accidents in the home, showing that home burning accidents are not only more numerous but also more often fatal than those occurring in factories. Scalds are commoner in very young children, and are usually less severe and less often fatal. They state with obvious regret that between 1910 and 1912 fireproof flannelette was available in England, but not in 1949. In their opinion 55% of home burns and 45% of home scalds are preventable. A thorough analysis of 1000 cases of burns is used as a basis for preventive measures including, beside those suggested elsewhere, better housing and living conditions, the freeing of women from industrial work, safer methods of heating, and the stapling of fire-guards to walls in all new houses; this is forbidden in some buildings (133). Notwithstanding the views of manufacturers, they feel th at well-designed light fire-guards can be made. They add some figures on the flammability of fabrics, interestingly enough supporting rayon, which melts but does not burn; wool and cotton mixtures (e.g. Viyella), are as bad as cotton, though the fire spreads more slowly.
They point out that the Home Office Inquiry of 1908-1910 found that fireproofing with stannic oxide was effective, and only a little reduced by washing, but not fully satisfactory, as the process added to the cost of children's clothes. Manufacturers had not, however, taken it up, and the increased price of treated clothes had evidently reduced the m arket for them. Much of this paper is used as a propaganda article in The Fire Prevention Association*s Journal (130), and much is repeated in (133).
M r Moncrieff in a letter to the Editor (Lancet, 10 September 1949) had stated that there was no easy method of fire-proofing cotton, cotton-wool, wool mixtures or viscose-rayon fabrics; substances so far tried affected desirable attributes of the cloth. If it had been possible it would doubtless have been done. In (132) Colebrook answers him by saying that he should read the Report of 1908-1910 on the usefulness of stannic oxide; manufac turers were against its use because it reduced their profits. In his opinion the Report ought to be republished, though its arrangement is very incon venient, as the information about burns is interspersed with observations on the law regarding coroners.
Later (135) Colebrook states that after three-and-a-half years' argument there are no agreed specifications for gas or electric fires; gas fire makers will not agree. Unbleached calico treated with antimony and titanium salts are fireproof-they only glow on firing-and the property is wash-proof.
In (137) Colebrook compares the incidence and treatment of burning accidents in England and America. Much that is said in (130), (131) and (133) is repeated here, but attention is also drawn to the risks of wooden frame buildings (especially when they are dried out by central heating), with the suggestion that such buildings should no longer be put up, or that insurance companies should ask lower premiums for brick-built houses; and to the risks of smoking in bed.
In (139) Colebrook & Colebrook set out a suggested national plan for reduction of burning accidents based on 2000 cases. The argument and the prescriptions are much as in (130, 131 and 133) , but the Braddell guard for coal fires is recommended. They state that the 1947 Committee set up to report on burning accidents will report soon (it is now 1951), but feel that its terms of reference are limited to safety of fires in rooms with able-bodied adults, and are not sufficient to deal with unattended children or the aged or infirm, who are the groups most at risk. The 1946 B.S.I. standard 1250, part 2, for gas fires refers to 'portable heaters with a dress guard', but says nothing about the efficiency of the guard. Economics, shortage of metal and an absurd purchase tax, up to 100%, markedly affect the provision and purchase of safe fires. They suggest that insurance companies might be interested if the fact were made plain to them.
Up to 1952 such legal protection as was available against fires was provided by the Children and Young Persons Act (1908, as amended in 1933) , which lays down that parents of children seriously or fatally injured by burns or scalds from open fires may be fined up to £10. In fact, for obvious reasons, there had been hardly any prosecutions, and clause 11 in the amended Act was virtually a dead letter (123, 131) . This act was amended by the Fireguards Act (1952), and requires (143) that all fires must have guards, that live parts of electric fires must not be accessible, that, if present, the cone round which the element is wound shall not protrude through any aperture in the guard, that the distance between the element and the guard shall be not less than 1 inch for a spiral wire element, and 2 inches at the centre and 1 inch at the extremity if the element is wound on fireclay. Besides these rules, the heat intensity of the fire must be such that flannelette on the fireguard must not smoulder or ignite in 10 seconds.
Unfortunately, however good the intention, the Act is not compulsory and, according to (143), there are many unsatisfactory fires on the market; moreover, no known guard is spark-proof. He urges doctors, nurses, health visitors and welfare workers to encourage the use of good guards.
In 1952 Colebrook was asked by the Editor of the Textile Mercury and Argus, troubled by the death rate in old people and children from their clothing catching fire, to write an article on the subject. The paper (147) is a masterly survey, summarizing most of the previous papers. It is de pressing that, as far as I can discover, it attracted no correspondence or comment whatever. Paper (152) by Colebrook et al. offers an even more gloomy view; there is little sale for fire-guards, and there are few advertise ments for them; two Gas Boards offer to fix guards for 10j. (50 new pence) ; the Ministry of Housing in 1949 recommended eyelets for fixation of guards, but few local authorities have taken any notice, and only a few rent guards at 5.y. (25 new pence) per year. Their recommendations are the usual ones, plus embracing spring wires to retain guards in position and the creation of demand for adequate fire-guards by positive action, even by a Government subsidy. They comment briefly that regulations in the U.S.A. and New Zealand are well ahead of ours. In (153) Colebrook et al. comment that the Wales and North Thames Gas Boards supply and fix fire-guards to customers' pre-1954 gas fires in their area. They obviously approve, but find that assistants in showrooms are often unaware of the regulation, and say that the Boards do not supply guards; they therefore checked the matter at Board Headquarters and, finding their own view to be correct, asked that a notice should be set up stating the Board's intentions; it was, a few days after. Unfortunately, notices in showrooms are not always read; so Colebrook et al. suggest that Electricity Boards and Gas Boards should send out such notices to all customers, and Health Services should enquire whether guards are available from Boards, and if they are, advertise this as much as possible, so that the public will know where to go and what to pay before next winter.
The next two communications answer complaints from correspondents writing in The Lancet. In (156) Colebrook replies to a letter from Mr Lowden, who had complained that Colebrook had applied his findings for severe burns seen at the Birmingham Accident Hospital to the trivial burns seen by general practitioners. Colebrook feels that the risk of burns seen by general practitioners becoming infected with haemolytic streptococci is not negligible, though the incidence is much less than 38%. Mr Lowden also thinks that penicillin sensitivity is common; Colebrook feels that it may be due to some constituent of the creams. Later (7 July 1956) Dr Robertson asks what is the point of using penicillin cream and risking penicillin derma titis (or at least the wrath of the dermatologists!) when the drug can be given systemically ? Colebrook (157) replies that penicillin cream works, whereas there is no good evidence that systemic penicillin is effective; that penicillin sensitivity is rare; and that there is no justification for giving numerous injections to avoid an unlikely risk, when penicillin cream does just as well, with perhaps one repeat application at 7 days, with considerable saving of time. To another suggestion that tetanus antitoxin should be given in all burn cases Colebrook (141) says that he has seen 6000 burn cases over 8 years without a single case of tetanus, and therefore thinks it better not to inflict a further injection and the risk of serum sickness on these patients.
The last paper (160) deals with the teething troubles of flame-proof materials. Several manufacturers were now interested, but prices were high and there were technical difficulties in large-scale production; some samples were stiff, and did not stand up to hard wear. At least two other processes were under test-one or other m aterial may be available next autum n (1957). So far light-weight woollens (not wool-cotton mixtures), nylon and terylene were the most satisfactory.
It is interesting, when one considers the thoroughness with which the investigation of burns in the home was carried out, and the demonstrable good sense of the recommendations, how little has been done to implement them. The Fireguards Act (1952) is still unamended, and though the C hildren's Nightdresses Regulations (1964) under the Consumer Protection Act (1961) require th at children's nightdresses shall not be made of materials not capable of satisfying the performance requirements specified in the British Standard Specification B.S. 3121: 1959 (tests for flammability given in B.S. 2963: 1958) , there is nothing to prevent women buying highly inflammable cloth and using it to make children's nightdresses. Moreover, nightdresses for older women are excluded.
Actinomycosis
In papers (22, 24, 45 and 49) , Colebrook deals with the organisms associ ated with actinomycosis, and with A c t i n, which is not uncommonly present with them. He provides diagnostic criteria for the various diseases and the associated organisms, and comments that he does not think th at the Actinomyces normally associated with hum an actinomy cosis is derived from grass and soil; it is m uch more likely to be a normal inhabitant of the m outh. The opsonic index fails to distinguish between actinomycosis and tuberculosis, and agglutination tests are often negative early in infections.
Vaccine therapy and bactericidal power
In (26) W right, Colebrook & Storer claim that injection of dead organisms or even their addition to blood in vitro increases the blood by some action on the leucocytes. Then, in (27), Colebrook & Storer improve on this by using blood from a donor given the vaccine intravenously for transfusion. The blood must be defibrinated, not citrated (see also (28)) or phosphated, as these procedures damage the leucocytes. This process (immunotransfusion) was used in a few cases of severe and sometimes generalized streptococcal and staphylococcal infection with some apparent success; but the authors clearly regard their work as only a begin ning, especially as some cases showed no improvement at all. In (28) the objection to citrate as an anticoagulant is justified by experimental demon stration th at it reduces the bactericidal power of blood. Then Colebrook et al. (29) show th at rabbits whose shaved backs are exposed to mercury vapour lamps for 30 minutes show an increased bactericidal power in their blood for at least three hours. Exposure of the ileum to ultraviolet light or of skin to cadmium spark irradiation has a similar effect, but irradiation of shed blood has none, except, perhaps, when it is returned to the animal. There is no change in antibody production in irradiated guinea-pigs, so the effect may be due to irradiation damage to the tissues. Notwithstanding these observations, exposure of one normal person and one case of arrested phthisis to sunlight at midday for 30 minutes had no effect on the bactericidal power of their blood (30), and though exposure of a normal man for one hour led to a rise, similar or longer exposure of a woman in poor health led to a fall. Paper (32) refers to the use of antistreptococcal serum as supported by little evidence of benefit, and even as having some risks, in cases of septicaemia; immunotransfusion may be of value, though there is not much evidence of success in puerperal fever. M r Geoffrey Keynes's note on local anaesthesia and a 'nick' for blood transfusion bring a quick rejoinder (51) from Colebrook, who emphasizes the need for really sharp needles, and recom mends a sphygmomanometer cuff as preferable to the usual tourniquet of rubber tubing with artery forceps, and suggests the use of Brine's apparatus for transfusion (Ann. Surg. 1929, 89, 917) .
Paper (34) by Colebrook & Hare demonstrates that though mercurochrome added at a final concentration of 1 in 10 000 to defibrinated blood or to serum in vitro increases their bactericidal power, it also leucocytes and has no useful effect given intramuscularly, and may indeed cause a small fall in the bactericidal power of the blood. They make the curious suggestion that auto-immunization (presumably to mercurochrome) occurs, and give as evidence the severe side-effects of the drug (haematuria, violent purgation, rigors and stomatitis). Some account of the circumstances of this piece of research is given in Hare's book.
Paper (46) compares Pfeiffer's method for determining the bactericidal power of serum with Wright's, condemns the former for its limitations and expense, and praises the latter for its ease in performance and its reliability.
Mainly technical papers
Douglas & Colebrook (13) recommend broth containing trypsin for blood cultures. They claim that in clotted blood, organisms are trapped in the clot, leucocytes are present and active, and the blood may be antibacterial and bacteriostatic. Addition of 1 in 30 trypsin to an equal volume of broth prevents clotting of added blood, abolishes the opsonic power of the serum and reduces the power of the serum to inhibit growth. For routine purposes they suggest adding 1 ml blood to 5 ml broth containing not less than 5% Allen & Hanbury's trypsin.
No. 25 is a revision, in which Colebrook was a collaborator, of A. E. Wright's Technique of the teat and the capillary glass tube. Wright was a masterly technician, and Colebrook had learnt much of his skills.
For inhibition of proteus in cultures from wounds, Cawston & Colebrook (106) recommend dividing the solid medium used into one-third and twothirds by a ditch, pouring absolute alcohol over the one-third, leaving it on for one minute (3 minutes is too long), pouring it off and then drying the plate for 10 to 15 minutes. O f the remaining two-thirds one-half is treated with 1 in 3000 gentian violet to suppress staphylococci and diphtheroids.
In an addendum to a paper by Fuller on a rapid clinical method for estimating sulphanilamide in blood, Colebrook (100) points out that there are good reasons for rapidly building up a useful blood concentration of sulphanilamide, that sulphanilamide is more effective against small than large numbers of organisms, so that organisms should not be given time to increase, and that it has greater effect at fever temperatures than at normal ones. He suggests using the test twice in the first 36 hours, and (cautious as usual) draws attention to the danger of contaminating the test papers with sulphanilamide in ward air.
Paper (163) by Colebrook, Lowbury & Hurst, deals with the complex problem of the growth of bacteria in serum, exudate and slough. Streptococcus pyogenes and Staphylococcus aureus grew in serum ; the numbers of Escherichia coli either showed no change or fell; Pseudomonas aeruginosa tended to multiply, especially from large inocula. Viridans streptococci varied, two strains were killed, two multiplied, one from a small inoculum, in serum heated at 56 °C for 60 minutes. Heating serum made it a better medium for E. coli and Proteus, even more so for Ps. aeruginosa. Trypsin treatment of unheated serum (1 mg crystalline trypsin in 0.1 ml added to 0.1 ml serum, and mixture kept at 37 °C for one hour) greatly increased the yield of all the organisms referred to, and trypsin treatment of heated serum gave larger yields. The bactericidal activity of serum against Shigella sonnei is lost on trypsinization, treatment with varidase or heating at 56 °C for an hour-along with the complement activity. Serum is anti tryptic even when 0.25 mg of trypsin is added to 1 ml serum, but is lost when 0.5 mg is added per ml.
In heated serum E. coli grew, though not as well as staphylococci or streptococci and not as well as it would in slough suspension or slough broth. All the organisms mentioned grew well in slough suspension, but Gram negative organisms grew better than staphylococci or streptococci. Blister fluid was very like serum, but Ps. aeruginosa and proteus grew better in it then they did in fresh serum.
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Historical papers
The first of these (115) is a reply to a suggestion from a Dr Guthrie that Dr W. B. Leishman was responsible for anti-typhoid inoculation; he provides some rather negative evidence for his own view that Almroth Wright was responsible. He gives much more satisfactory evidence in (140), showing that in 1893 when Wright was Professor of Pathology at Netley, Haffkine had visited him and fired his interest by telling him about the application of Pasteur's methods to the control of cholera, and led him to think about their application to typhoid fever. Pfeiffer had already shown that live typhoid vaccines stimulated the production of typhoid agglutinins in experimental animals, but Wright had a strong preference for killed vaccines and was, moreover, convinced that a strictly quantitative approach, both to the vaccine and the response to it, was essential. Wright et al. found that their killed vaccine stimulated the production of agglutinins, sometimes in 130 24 hours. In 1897 an outbreak of typhoid fever occurred in an asylum in K ent; W right gave typhoid vaccine to 84 remaining members of the staff. There were no more cases among these, whereas of the 112 uninoculated persons four developed typhoid. This, and his animal experiments, convinced W right that his vaccine was useful, and after failure to get it generally adopted in the Boer W ar, he managed, as a result of considerable effort, to persuade Lord Kitchener to order that no person was to go to France who was not inoculated, and so to get typhoid vaccination generally applied among troops at risk without sacrificing the voluntary principle. The results were excellent.
In (134) he claims that W right was the first to inoculate a person (himself) with a killed [Brucella melitensis) vaccine, and then challenge himself with living Brucella melitensis-as a result of which he developed a sharp attack of M alta fever. Then in (145) he refers to W right's discovery of opsonins [opcovto, to prepare food for), his finding that some organisms grow better in the presence of phenol, that some survive well in pockets in wounds, and that trypsinized serum is a better medium for anaerobes than untreated serum.
His respect and admiration for Wright, though it later became more discriminating, is well attested by his list of W right's contributions (120), with comments, by his article in the Listener (126), by his bibliography of W right's published writings (144), his book on Wright as provocative doctor and thinker (148) and his obituary notice in the Dictionary of National Biography (162). He pays a similar tribute to Fleming in his obituary notice There is a rather whimsical letter by Colebrook (142) in reply to a suggestion by Charles Singer that Colebrook's bibliography of W right's writings was incomplete; in it he says that it was a mistake to suppose that Wright wrote quickly and easily. W right's secretary once 'confessed' to Colebrook that one passage had been typed about 60 times. Each page of the Prolegomena for logic that searches for truth had cost W right 120 hours of work. Colebrook was sure that W right would have preferred Colebrook to include all his early papers, as medical workers had paid too little attention to them.
Biographical M emoirs
Odd papers Papers (11, 18 and 19) deal with isolated cases or groups of cases that were never followed up. No. 11 is a bacteriological report on a case of chronic ulceration in a boy, later cured by vaccine treatm ent with his own organisms. Paper 18 (Douglas, Colebrook & Morgan) refers to 29 cases of dysentery received from the M editerranean Expeditionary Force, and contains some useful information on the organisms found, and on means of isolating them. No. 19 (Douglas, Colebrook & Fleming) , a clinical and bacteriological report on a case of rat-bite fever in which no spirochaetes were found, refers to an anaerobic strain of Streptococcus pyogenes isolated from blood cultures; the patient was given vaccines of this strain and recovered; they are not, however, certain th at this organism was the cause of the disease.
Euthanasia
Colebrook was in his later years, as I am informed, a strong supporter of the Euthanasia Society. In a letter to the Editor (159) he raises the questions w hether prevention of suicide is always justifiable, whether there is any 'sanctity of hum an life' when all nations are prepared to send young men to die in w ar, and w hether suicide always involves unsoundness of mind. T he infirmities of old age m ight perhaps justify 'cutting the painter' rather than aw aiting death in old people's homes, in m ental institutions or among relatives. H e holds it justifiable to prevent suicides due to tem porary depression or m ental derangem ent, bu t for others he hopes for a more reasonable public opinion on the basic right of hum an beings to have a say in the disposal of their own lives. T hen in (164) he holds th at there is some justification for euthanasia for hopeless cases in pain, and disapproves of the refusal of adequate am ounts of narcotics to such patients for fear of addiction. H e quotes with approval the views of D r Cicely Saunders-th at patients should be m ade fairly comfortable, if they cannot be cured, by medical and nursing techniques, a high standard of kindness and the consolations of religion when these are appropriate, and then quotes the Pope to the effect th at the first duty of a doctor is to relieve suffering, even at the risk of shortening life. H e feels th a t the passing of the Suicide Act is some evidence of a change in public opinion. Lastly (165), referring to the acquittal of parents, doctor and relatives accused of the m urder of a thalidom ide-dam aged child, he comments on the wise words of Lord Dawson of Penn, th at proper treatm ent should be given, 'even if it does involve curtailm ent of the length of life'. H e hopes for a plan for euthanasia for those of sound m ind with no hope of recovery.
General comment
T he length at which I have had to summarize Colebrook's papers may suggest the difficulty of the task. An immense am ount of hard work has gone into them , and most of w hat m ight be called the more theoretical papers are very dense and not at all easy to follow, and give one the feeling th a t the touch is not very sure. Indeed it is difficult to find any evidence of originality in them , though their conclusions are often, indeed usually, of practical value. T he practical papers are a very different m atter; here the aim is certain, the argum ent is clear and continuous, the conclusions plain and evidently justifiable, and the recom mendations always sensible and alight with a compassion for suffering and an understanding of the difficulties faced by others in putting his suggestions into practice; he is quite prepared to accept a fairly satisfactory solution if nothing better can be obtained. W hat he cannot bear is to see obviously necessary and eminently practical suggestions turned down for thoroughly specious and irrelevant reasons.
His compassion for his fellow-men, obvious to all who knew him well, is clear enough from the distress evident in so many of the practical papers at the deaths of children and of healthy young adults from preventable causes. He was perhaps no great scientist-certainly he never developed any revolutionary theories-but he worked very hard and without sparing himself for the causes he felt important, and his work has been of enormous material benefit to his fellows. We have by no means caught up with him yet.
I have not found writing this obituary easy; I never knew Colebrook, in fact I probably never saw him. His Personal Record, though fairly complete, is extremely bare and factual. My debt to others is therefore very great and I should like to thank all those contributors named in this Memoir for their unstinted help, Professor D. B. Bradshaw, Medical Officer of Health for Leeds, for information on the present state of the Fireguards Act, and the regulations on inflammable clothing materials, Professor R. Hare for letting me see the proofs of his book on The birth of penicillin, and above all, Dr W. C. Noble for putting at my disposal transcripts of most of the recordings he had made of reminiscences of Golebrook by persons who had known him, which he had collected for his forthcoming book. The photograph was lent to me by Mrs Vera Colebrook.
C. L. 
